recreational activities patients may participate in without symptoms of knee pain and swelling after surgery is valid. In addition, the level of aerobic physical activity (PA) that is reached and routinely maintained as recommended by the American Heart Association (AHA) and the American College of Sports Medicine (ACSM) is important to investigate as a public health issue, considering the millions of TKA recipients in the United States and worldwide. 16, 21, 51 In 2007, the AHA and the ACSM published recommendations regarding the types and level of PA needed by healthy adults aged 18 to 65 years 21 and adults aged older than 65 years 2,51 to maintain or improve health parameters. The recommendations for aerobic activity were moderate-intensity activity for a minimum of 30 minutes for 5 days each week (150 min/wk) or vigorousintensity activity for at least 20 minutes for 3 days each week (60 min/wk). Moderate-intensity activity produces noticeable increases in heart rate and breathing, whereas vigorous-intensity activity produces large increases in heart rate and breathing. Muscle-strengthening exercises should be performed a minimum of 2 days a week and should include 8 to 10 resistance (weight) exercises. These recommendations were based on studies that show a dose-response relationship between PA and lowering the risk of cardiovascular disease, stroke, type 2 diabetes, some forms of cancer, and premature mortality. 16, 21, 57 In 2011, the ACSM further defined the quantity and quality of exercise to improve physical fitness and health in adults. 16 Several studies have shown that patients who participate in recreational activities over their lifetime may develop knee osteoarthritis (OA) and require TKA at a younger age than normally expected. 14, 63, 65 This is especially true in young patients who sustain anterior cruciate ligament (ACL) injuries and require meniscectomy 8, 19, 46 since OA may develop in many knees even if ACL reconstruction successfully restores normal knee stability. 1, 17, 28 One investigation from Ontario, Canada reported a nearly 7-fold significant difference in ACLreconstructed patients (followed 15 years postoperatively) and a matched control cohort in the cumulative incidence of TKA (1.4% and 0.2%, respectively; cumulative incidence, 7:1, respectively; P < 0.001). 36 Former athletes have high expectations after TKA of resuming recreational activities, 29 and these expectations correlate strongly with postoperative patient satisfaction. 25, 52, 60 Unfortunately, many patients have residual quadriceps and hamstrings muscle weakness 1 to 3 years after TKA, 59 which strongly influences the ability to return to recreational and fitness training activities as well as patient satisfaction rates. The issue of what is required in the postoperative rehabilitation program to successfully restore muscle strength and neuromuscular function to levels that allow patients to resume recreational activities or AHA fitness guidelines has not been addressed.
The primary purpose of this systematic review was to determine PA levels and recreational sports routinely reported after primary unilateral TKA. We also determined whether participation in these activities caused knee symptoms such as pain and swelling. In addition, the effect of postoperative rehabilitation on achieving fitness and sports goals in studies that met the inclusion criteria was analyzed.
METHODS

Literature Search Strategy
The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines were followed in conducting this study. 38 An online search was performed using PubMed for the years 2005 to 2015 using the key phrases and words total knee arthroplasty, total knee replacement, sport, recreation, athletic, athlete, activity, physical activity, fitness monitor, fitness, activity monitor, activity measures, and energy expenditure. The full text was accessed if the abstract suggested that this might be a clinical study in the topic of interest. In addition, reference lists from general review articles, systematic reviews, and metaanalyses obtained from the search were examined to find any other original research investigations not otherwise obtained.
Study Selection and Quality Assessment
To be included in the review, studies were required to (1) be an original investigation that was conducted on patients who underwent primary unilateral TKA for knee OA, (2) report the number or percentage of patients who participated in any sport or recreational activity or who routinely participated in PA as recommended by the AHA and ACSM, and (3) have a minimum follow-up of 1 year postoperatively.
Exclusionary criteria were articles that were off-topic or related to biomechanics or surgical techniques only, studies that included revision TKAs, studies that included TKA for reasons other than knee OA, studies that combined TKA with other total joint arthroplasty procedures, studies that did not provide data related to recreational activities, studies that only provided means ± standard deviations (SDs) of activity scales, and duplicate publication.
The Methodological Index for Non-Randomized Studies (MINORS) instrument was used to rate the methodological quality of the investigations. 61 This instrument has satisfactory reliability, internal consistency, and validity and has been shown to be able to differentiate low-from high-quality nonrandomized studies. 61 Eight items of the instrument were completed, with each item scored from 0 to 2, with 0 representing the item not reported; 1, reported but inadequate; and 2, reported and adequate. The MINORS score is reported as a percentage of the total available points (8 items, 16 points), as recommended by Wylie et al. 72 In addition, the level of evidence for each study was documented as described by Wright et al. 71 
Data Extraction
The following data were extracted from each article when available: number of knees, number of men and women, age, follow-up, activity rating instruments, objective activity rating monitors (accelerometers), type of TKA, percentage of patients who returned to recreational activities, types of activities patients participated in, change in activity level (compared with preoperative), time to return to recreational activities, frequency of participation, symptoms or limitations with activities, correlations with other factors on return to activities, percentage of time spent performing PA, comorbidities, complications, and all information regarding postoperative rehabilitation.
RESULTS
The search identified 786 articles, including 755 research investigations and 31 review articles. On further analysis, 736 research studies were excluded (along with the review articles), leaving 19 studies for our investigation. The average MINORS score was 66% ( Table 1 ). The level of evidence was rated as 3 or 4 in all studies.
There were a total of 5179 knees with a mean age of 67.5 years (range, 19-88 years). Patient sex, provided in 14 studies, included 2556 women and 1483 men. The mean follow-up was 4.8 years (range, 1-27 years). A variety of outcome instruments were used to determine recreational, physical, or daily activities, including several that were developed by authors that had not been validated. Objective measurement of PA with an activity monitor (accelerometer) was used in 2 studies.
Eleven studies described the prostheses used in the cohort, 4 studies indicated that a variety had been used, and 4 did not include this information.
Physical Activity Guidelines
Three studies provided data related to the achievement of the AHA and ACSM recommended PA guidelines. Two studies that used accelerometers for 1 week at the 6-month 20 and 12-month 39 postoperative time periods reported 0% and 16.5% of patients, respectively, met these guidelines. One study 32 used the Short Questionnaire to Assess Health-Enhancing Physical Activity (SQUASH) to determine routine PA and reported that 50.8% met the AHA guidelines. None of these studies provided information regarding symptoms or limitations experienced with PA.
Recreational Sports Activities
Sixteen studies detailed recreational and sports activities patients participated in postoperatively (see the Appendix, available at http://sph.sagepub.com/content/by/supplementaldata). Of these, 3 studies 26, 48, 49 only included patients who were active in athletics. The studies reported a wide range of patients who returned to recreational activities (34%-100%; Figure 1 ). The mean percentage of patients participating in the most common activities is shown in Figure 2 . Evidence was not available regarding the number of sports patients routinely participated in, although some studies indicated patients were involved in more than 1 sports activity. 48, 49 Frequency and duration of participation and time to return to recreational or exercise activities are shown in Table 2 .
Only 5 studies described symptoms or limitations that occurred with activity. A "major limitation" during participation was found in 14% in 1 study 3 and in 6% in another investigation. 4 Pain in the knee was reported during activity in 16% in 1 study 24 and in 17% in another. 26 One investigation 23 reported that 26% of patients had pain in their knee and 26% had a feeling of instability during participation.
Huch et al 24 reported that the factors responsible for a reduction in recreational activities 5 years postoperative were pain in the TKA joint in 13%, pain elsewhere than the TKA joint in 27.5%, precaution in 47%, and other reasons in 11%. Hopper and Leach 23 reported pain in the TKA joint in 40%, pain in other regions in 12%, precaution in 44%, and aging in 4% at a mean 1.8 years postoperative. Dahm et al 12 reported that activities were limited by other joints in 53% (643/1206) of patients, and Argenson et al 4 found that 19% (20/104) of patients were no longer participating a mean 10.6 years postoperatively for reasons not related to TKA.
Four studies assessed factors that could have had an influence on return to recreational activities. Chatterji et al 10 found no correlation between age and sex regarding activity level, and Chang et al 9 reported no associations between sociodemographic factors, pain relief, or postoperative range of knee motion on recreational activity levels. Dahm et al 12 reported that higher activity levels were related to age younger than 70 years, male sex, and body mass index >30 kg/m 2 . Kersten et al 32 found that patients younger than 65 years spent significantly more time on PA than those 65 years of age and older.
Postoperative Rehabilitation and Return to Recreational Activities
None of the studies described the postoperative rehabilitation program with regard to exercises, protocols, or factors that could influence return to recreational or fitness activities. One investigation stated that "most" patients had no formal rehabilitation after their hospital discharge. 10 In this study, 75% returned to some type of activity; the majority were walking for exercise, swimming, bowling, or participating in water aerobics. Another study stated that 38% had no formal rehabilitation after hospital discharge. 12 The most common activities in this study were walking, bicycling, swimming, dancing, and hiking.
The effect of comorbidities and postoperative complications, such as arthrofibrosis and residual muscle weakness, on the outcome of TKA with regard to PA resumed postoperatively was not addressed in any study.
DISCUSSION
Important goals of TKA in younger active patients include maintaining a healthy lifestyle through physical fitness activities, returning to desired realistic recreational or sports activities, and returning to occupational activities if required. 15, 18, 29, 31, 50, 54, 66, 70 However, in patients who wish to resume recreational and occupational activities after TKA, the high loads placed on the knee joint may result in chronic effusions and muscle dysfunction. This is especially true in patients who return to high-impact occupations that may preclude participation in recreational activities due to a mechanical overload of the joint that produces pain and swelling. There was a wide range of patients who resumed recreational activities after TKA (34%-100%). We were unable to determine whether the lack of participation in recreational or aerobic activities was due to the effects of the operation (pain or swelling), the natural aging Figure 1 . A wide range of patients returned to recreational activities after total knee arthroplasty (TKA). Figure 2 . The most common activities patients participated in after total knee arthroplasty were low impact in nature. process, or other factors. In addition to aging, there are complex factors that affect participation in recreational activity and PA such as income, educational status, area of residency (rural versus suburban), personal barriers and beliefs, self-efficacy, and social support. 11, 37, 55, 64 The reasons patients elect not to participate in recreational activities after TKA are important to determine, especially in studies in which return to PA is a main focus. The question of what recreational activities should be resumed after TKA remains unanswered, especially with regard to moderate-to high-impact athletics. Other reviews describe subjective expert opinion regarding the most appropriate activities after TKA. 22, 29, 54, 66 However, the available evidence is low quality (level 3 or 4). One study focused solely on patients who resumed high-impact activities (tennis, aerobics, jogging, racquetball, squash), which represented only 4% of TKAs performed at 3 institutions over an 8-year period. 49 This study did not report whether symptoms or limitations were experienced in any patients in the small cohort, but the authors remarked that high-impact activities were not appropriate for the majority of TKA patients. The 2 studies that used accelerometers to track PA after TKA reported dismal results in terms of percentages of patients who met AHA and ACSM recommendation. 20, 39 Investigators have shown that only a small percentage of adults meet these guidelines. For instance, Jefferis et al 30 measured PA in 2450 healthy adults aged 70 to 93 years with an accelerometer and found that only 15% of men and 10% of women achieved more than 150 minutes a week of PA. The US National Health and Nutrition Examination survey (2003) (2004) (2005) (2006) in 7000 adults aged 20 to 79 years reported that only 10% to 15% of older adults met the minimum AHA standard. 62 The proportion of waking time spent sedentary rose with age, from 55% (7.7 hours/day) in those 20 to 29 years of age to 67% (9.6 hours/day) in those 70 to 79 years old. In a cohort of 6763 individuals aged 65 years and older, Kraschnewski et al 34 showed that only 18.8% of men and 14% of women met ACSM strength training recommendations. Again, whether the data from our study and those from control populations regarding problems achieving PA guidelines were strictly related to aging or to other factors is unclear and worthy of future study.
Only 1 systematic review of 26 studies has been conducted regarding how PA levels are quantified after total joint (hip and knee) arthroplasty. 50 Naal and Impellizzeri 50 reported noteworthy heterogeneity among studies with regard to instruments and methodology used to measure activity and provided recommendations to standardize future studies. They noted patients undergoing total joint arthroplasty are less active than recommended AHA levels. Other authors recommended "changing the conversation" for sedentary patients from the AHA guidelines (which can be overwhelming) to light activity throughout the day. 62 This includes reducing prolonged sitting and increasing light activities by 20 minutes. Accelerometers can provide realistic data of all types of activity (light, moderate, and vigorous) and give feedback and motivation to patients. 62 Total daily step count is a beneficial motivator, and Garber et al 16 recommended ≥7000 steps/day, which could be achieved by increasing step counts by ≥2000 as necessary to achieve this level.
Clinical studies usually employ patient self-reporting of activity levels with questionnaires such as the University of California at Los Angeles (UCLA) activity scale 73 and the SQUASH. 69 These data are not always reliable, may be subject to recall bias, 13, 68 and may overestimate PA compared with objective activity measurements. 13, 20, 62 For example, there was no change in PA parameters 6 months after TKA measured with an accelerometer in 25 patients, while there was a significant increase in the patient-reported UCLA activity scores between the preoperative and follow-up evaluations (3 ± 1 and 5 ± 3, respectively; P < 0.001). 20 None of the studies in this review provided data regarding symptoms or functional limitations during PA. For patient counseling purposes, future studies should provide these data to ensure that preoperative patient expectations are realistic in terms of activities that are resumed after surgery. Another important concept is the comparison of lifetime and preoperative PA levels with those achieved after surgery. For instance, Chatterji et al 10 detailed the number of patients who took up activities postoperatively who had not been active preoperatively. These authors also determined the number of patients who participated in recreational activities preoperatively but who did not resume these activities after surgery. Lifetime PA was determined in only 2 studies 24, 42 and preoperative PA was provided in 7 studies 3, 9, 10, 23, 24, 26, 42 in our review.
No study provided detail regarding physical therapy or the role of the therapist in guiding a patient back to recreational or fitness activities. The therapist has an important position in monitoring younger active patients throughout the postoperative time period who have greater demands on their knee from either an occupational or recreational activity standpoint. Rehabilitation programs that incorporate strength, balance, flexibility, and neuromuscular function are recommended to safely resume PA. 45, 47, 58 Objective assessment of muscular and neuromuscular function prior to release to activities is also recommended. 7, 33, 40, 41 A careful balance of joint loads must be managed to reduce chronic knee joint effusions (which is an indicator of the need to reduce activities) and chronic muscle weakness. In a systematic review of 15 studies on lower limb strength after TKA, patients had weaker quadriceps and hamstrings strength compared with controls up to 3 years postoperatively. 59 These limitations result in difficulty with stair climbing and other daily activities and prevent return to recreational or physical fitness activities. 53 A limitation of this review was the low level of evidence in the included studies, which were typically retrospective or observational in nature. There is concern with transfer bias that was present in 8 studies that lost 19% to 38% of eligible patients to follow-up. A lack of consensus regarding activity rating instruments was apparent and represents a problem when comparing results between studies. The UCLA Activity Score 73 was collected in 7 studies. However, there are ambiguous terms (very active, active, moderate, regularly participate, sometimes participate) in this instrument that can make completion difficult. It would be helpful to use a scale that determines frequency of participation according to the number of times performed per week and intensity of the activity according to the anticipated stresses incurred in the knee joint.
Another limitation in this study was that the effect of comorbidities and postoperative complications on the outcome of TKA with regard to PA resumed postoperatively was not addressed in any study. The successful return to a healthy lifestyle most likely involves not only patient desires and lifetime PA behavior but associated comorbidities and complications such as arthrofibrosis and muscular weakness.
In summary, there is poor evidence regarding the effect of TKA on return to recreational activity, sports, and aerobic PA. The variables responsible for the wide range of patients who resumed these activities are multifactorial and require further study. The extent of symptoms or limitations experienced during PA and the long-term effects of such problems remain unclear. There are few studies that have objectively measured PA or that used validated outcome measures of recreational activity. The effect of comorbidities and postoperative complications on patient PA levels is unknown. With the current data available, it is impossible to provide valid predictions on factors that may affect a patient's ability to return to recreational sports or other aerobic PA after TKA.
